The influence of cell age on phenol accumulation was examined by determining the quantity of individual phenols which accumulated in Paul's scarlet rose cultures of increasing age. During log-phase growth (days 7 and 11), only gallic acid and epicatechin-catechin were detected; 
Plant tissue cultures have been regarded for many years as an attractive alternative to whole plants as a source of commercially important secondary products (4, 17, 20, 21) . It has been speculated that cultured cells have the potential of providing a steady supply of less expensive plant chemicals providing techniques can be developed to grow high yielding strains on inexpensive media (21) . Unfortunately, some of the most highly sought after compounds are not produced in cultured cells (2) while others are only produced in small amounts (20) , and in these cases there is a tendency for the yield per culture to decline upon continued subculturing (5) .
The disappointingly low yield of secondary products by cultured cells in comparison to that of intact plants can not be attributed to genetic incompetence of the cultured cells, since whole plants regenerated from cultured cells have been demonstrated to synthesize normal amounts of secondary products (2). Thus, the inability of cultured plant cells to produce secondary products appears to result from a failure of gene expression.
A substantial amount of data collected on both plants and microorganisms indicates that the selective expression of different portions of the genome is dependent upon cell maturation (10) . Tissue culture studies on several different plant species have shown a greater accumulation of secondary products in mature nondividing (stationary phase) cultures than in actively growing (logarithmic phase) cultures (8, 16, 18, 20 (15) . Sucrose and spermidine were added to the cultures as filter sterilized solutions on day 14, when the cultures have entered into early stationary phase (6) . The isolation, separation, and identification of the phenols of Paul's scarlet rose cells have been described previously (12) . Briefly, phenols were separated using reverse-phase HPLC and quantified by measuring the A at 280 nm of the column effluent. Total phenol levels were measured using the method of Amorim, et al. (1). Individual compounds have been identified by collection from HPLC and subsequent co-chromatography with authentic standards as described in Muhitch and Fletcher (12) .
RESULTS
When phenol extracts recovered from cultures of increasing age were subjected to HPLC fractionation, the profile of UV absorbing compounds changed dramatically (as the cultures aged) (Fig. 1) . On days 7 and 1 1, during log-phase growth (6), only gallic acid and epi-cat ( Figures 3 and 4 . In control cultures, the total phenol content increased until day 11, remained relatively constant through day 35, and subsequently declined. Treatment of 14-d-old PSR cultures with sucrose or sucrose + spermidine resulted in 1.6-and 2-fold increases (respectively) in the total phenol levels at day 35 when compared to control cultures (Fig. 3) . Fractionation of the phenols recovered from cultures of all ages showed the primary constituent to be gallic acid. The bimodal pattern of gallic acid accumulation between days 4 and 14 which was observed in repeated experiments may reflect this compound's probable role as an intermediate in the synthesis of several different tannins (7) . The addition of sucrose only slightly enhanced gallic acid levels in PSR cultures, while sucrose + spermidine treatment elevated gallic acid levels to 3-fold those of control cultures at day 35 (Fig. 3) . Epi-cat, the other major phenol of PSR cultures, increased until day 14, remained relatively constant until day 35, and subsequently declined. The addition ofsucrose or sucrose + spermidine to 14-d-old cultures elevated the epi-cat levels 2-to 2.5-fold over control values on day 25.
The brief stationary phase which cultured cells pass through may severely curtail the accumulation of secondary products produced by enzymes whose genies are only expressed at a particular stage during the life of mature expanded cells. If this is true it follows that extending the life span of mature cell cultures should increase the level of secondary products. Both the sucrose and the sucrose + spermidine additions enhanced the accumulation of compounds in 25-, 35-, and 55-d-old cultures which were not present in young cultures ranging from 4 to 14 d old. The accumulation was most pronounced in 35-dold cultures; therefore, only data pertaining to that age are presented (Fig. 4) . The most influential treatment was sucrose + spermidine (Fig. 4) . Provision of these compounds to 14-d-old cultures either caused or enhanced the accumulation of 11 compounds (1 1 profile peaks) in 35-d-old cultures, only one of which was present in 14-d-old cells (Fig. 1) and only a few of which were detected in 35-d-old control cultures (Fig. 4) . Two of these compounds have been positively identified as epi and EGCG (Fig. 2) . The sucrose addition caused a 4-and 5-fold increase in epi and EGCG, respectively; whereas, the sucrose + spermidine caused a 3-and 18-fold increase in the two compounds. Although positive identifications have not been made of the other accumulating compounds, one of these, labeled as I (Fig. 4) , is of special interest. This compound has been demonstrated to be present in the intact rose plant and in cultures newly started from the plant (12), but not in the established cell line used in this study except for when spermidine treatments were provided.
DISCUSSION
Previous studies have demonstrated that an antagonistic relationship exists between primary metabolism (growth, cell division, and protein synthesis), and the production of secondary products in plant tissue cultures (20) . As plant or microbial cell maturation progresses, there appears to be an ordered expression of the genome such that particular enzymes or groups of enzymes are synthesized or activated at a particular stage of cell development (10) . In tulips, for example, there is an orderly, sequential rise and fall in the enzymes and intermediates of flavanol biosynthesis during another maturation (19) . In plant cell cultures, the synthesis of precursor phenols and alkaloids occurs during the log phase of growth, while the synthesis of more complex products occurs predominately during the stationary phase of growth (1, 9). In a similar fashion, we observed quantitative changes in the two most abundant phenols (gallic acid and epicat) as well as qualitative changes in the overall UV absorption profile of phenols recovered from cultured rose cells of increasing age.
Of special interest in our study were those phenols which were present only on day 35 in senescing cultures (Fig. 4) . Since these compounds did not accumulate in younger cultures (Fig. 1) (Fig. 4) . There was an 1800% and 350% increase in EGCG and epi, respectively, when sucrose + spermidine-treated cultures were compared to the 35-d-old control cultures (Fig. 4) . The less dramatic effect of the treatment on the level of epi may reflect the precursor/product relationship between this compound and EGCG. Knoloch et al. (9) reported similar results in Catharanthus cultures where elevated sucrose levels enhanced the accumulation of the product serpentine while decreasing the levels of is metabolic precursor ajmaline.
One of the most noteworthy observations in this study was that the phenolic compound 'I' was present in the sucrose + spermidine cultures (Fig. 4) , but was absent in the control cultures. The appearance of this compound in the treated cultures, even though in small quantity, was of special interest.
Although we have shown this compound, tentatively identified as a substituted flavan-3-ol (12) , to be the second most abundant phenol present in older rose stems (12), we have never recovered it previously from the established line of rose cells used in this study. Thus, the treatments which we administered to extend the life span of the cell lead to an accumulation of a compound which would otherwise not have occurred. This proved that the line of PSR used in this study which had been in culture for 25 years still possessed the genes controlling the synthesis of a compound which is present in intact plants (12) 
